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Fig. 5.—Geographic distribution of Hoplopteryx lewesiensis.......... 
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FIRST CRETACEOUS SPECIMENS OF THE BERYCIFORM 
FISH HOPLOPTERY X FROM NORTH AMERICA AND 


THEIR BEARING ON ACANTHOPTERYGIAN EVOLUTION 


By David Bardack! and Susan Teller-Marshall? 


ABSTRACT 


Hoplopteryx lewesiensis (Beryciformes: Trachichthyidae) is reported from North America 
for the first time. More than a dozen individuals, includingseveral complete fishes, expand 
the geographic range of this Late Cretaceous fish. This acanthopterygian, characterized by 
an unchanging morphology across a long geologic interval and broad geographic area, 
indicates that the epeiric seas of the northern seaway were relatively homogeneous environ- 
ments. It appears also that the beryciforms as well as the perciforms developed outside of 
these seas. 


INTRODUCTION 


Hoplopteryx is one of the five Upper Cretaceous genera of trachichthyid 
fishes (Order Beryciformes). The beryciform fishes are generally considered 
to be representative of a basal group from which more advanced acantho- 
pterygian fishes radiated during the early Tertiary. Modern trachichthyid 
beryciforms are mostly deepwater fishes (Zehren, 1975), but Upper Creta- 
ceous trachichthyids are found in deposits formed in relatively shallow 
epeiric seas (Patterson, 1964, 1967). Both fossil and recent genera are 
characterized by deep, compressed bodies, a series of mucous cavities on the 
cranial roof, and a large, oblique mouth. 

Hoplopteryx is known from Upper Cretaceous deposits in Lebanon, 
England, France, Germany, Czechoslovakia, and the U.S.S.R. (Patterson, 
1964). The specimens described here are the first records of Hoplopteryx 
from a North American Cretaceous deposit. 

The Texas material may be assigned to Hoplopteryx lewesiensis, the most 
common species of this genus. Specimens are well preserved and permit 
detailed examination. In almost every respect, the North American Hoplo- 
pteryx is indistinguishable from 77. lewesiensis fossils known from Europe. 

H. lewesiensis ranges from the Cenomanian to the Santonian stages of the 
Upper Cretaceous (Patterson, 1964) and is also widespread geographically. 
This species is morphologically stable throughout its geologic and geographic 
ranges, appearing suddenly (in a geological sense) with its full complement of 
characteristics clearly distinct from its contemporaries. This is a pattern 
typical of many Cretaceous fishes. 

In the past few years the monophyletic nature of the beryciform fishes 
has been questioned by Zehren (1975) and Rosen (1973) who suggest that 
the beryciforms represent a structural grade in teleostean evolution. In any 
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event, Hoplopteryx lewesiensis represents one of the more successful experi- 
mental combinations of characters, called beryciform, that appear suddenly 
in the Cenomanian. 


ABBREVIATIONS 


Abbreviations used in this text include BMNH: British Museum of Natural 
History, and TMM: Texas Memorial Museum. 
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GEOLOGY AND PALEOECOLOGY 


The fossil specimens were obtained from a quarry locally called the Maness 
Pit. This pit was worked for road gravel in the 1930s but has been flooded 
for many years. It is 1.5 miles north of Roxton (about 2 miles north of the 
center of town) on the west side of Highway 38 in Lamar County, Texas. 

According to information recorded at the time of collection, the fossil 
material occurred in a cross-bedded sandy limestone easily divided into two 
parts: the upper part thinly bedded and ferruginous with significant cross 
bedding, and the lower part more massive and buff colored with occasional 
red ferruginous streaks. The fish fossils occurred primarily in the lower part 
in ferruginous concretions which appeared as red balls in the massive lime- 
stone. Typical specimens are shown in figures 1 and 2. 

Echols (1972) refers to these strata as the Roxton Limestone (Senonian), 
the uppermost unit of the Austin Group. She provides a measured section of 
a nearby locality. This locality (East Texas State University No. 38), **. . . just 
east of Texas Highway 38, 1.3 miles north of bridge on Cane Creek, north 
side of Roxton, Lamar County. . .” is described thusly: **. . . biomicrite, tan, 
weathers tan to light grey-tan, with streaks and blotches of red, maroon and 
yellow iron oxide stains, base gradational, lower part massive, upper part 
thin bedded, rest is cross bedded...” (p. 230). 

Echols (1972, p. 45-72) presents a discussion of the lithology, paleontology, 
and depositional environment of the Roxton Limestone. According to her 
observations, the vertebrate concretions show pyrite nearest the bone with a 
layer of calcite-cemented hematite, followed by an outer pink discoloration 
of the matrix. This is surrounded by firm calcite matrix, which may form 
concretions. These "nodules" are not syn- or postdepositional in origin, but 
appear to develop later in the weathering cycle when the bones are exposed 
to ground water. The Roxton unit was deposited in shallow, warm water 
perhaps deeper than the inner neritic zone, with much plankton and nekton 
to serve as food sources for the vertebrates. 
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Among the invertebrates present are the pelecypod /noceramus, the 
ammonites Baculites and Scaphites, as well as additional undescribed ammon- 
ites, decapod crustaceans, a rudistid mollusc, a brachiopod (Terebratulina) 
and a piece of a starfish (Echols, 1972). 


SYSTEMATIC PALEONTOLOGY 
Order Beryciformes, Regan, 1911 
Family Trachichthyidae, Bleeker, 1859 


Diagnosis. See Patterson (1964, p. 304) 


Genus HOPLOPTERYX Agassiz 
Diagnosis. See Patterson (1964, p. 305) 


Hoplopteryx lewesiensis (Mantell) 
For synonomy see Patterson, 1964, p. 305 


(Fig. 1-5, Table 1) 


Diagnosis (emended). —Hoplopteryx reaching about 30 cm standard length, 
depth of trunk equal to 48-61 percent standard length; dorsal fin with 5-6 
spines and 10-11 soft rays; anal fin with 3-4 spines and 8 soft rays; longest 
dorsal fin spine equal in length toless than 1/3 maximum trunk depth; super- 
ficial bones of the head with coarse-ridged or spinous ornament, mucous 
cavities on the skull roof separated by thin crests with spiny edges; mandibular 
teeth expand onto lateral face of dentary near symphysis; mandibular sen- 
sory canal running in an open groove; edge of preoperculum coarsely and 
irregularly striated; 25 centra, 11 abdominal; caudal skeleton with 3 pro- 
current caudal spines above and 2 below, neural arch of PU 2 fused with 
centrum, first epural enlarged and oriented over neural arch of PU 2; about 
11-12 scales in each transverse series, lateral line passes through 9th scale 
above ventral border; no ventral ridge scales. 


Holotype.—Specimen in counterpart BMNH 4014, 4015. 


Referred specimens.—TMM 30962-1, whole fish; TMM 30962-2, whole 
fish; TMM 30962-3, whole fish; TMM 30962-5, anterior half of fish; TMM 
30962-10, anterior half of fish; TMM 30962-11, anterior half of fish; TMM 
30962-12, whole fish: TMM 30962-13, two whole fish in one block; TMM 
30962-18, anterior portion of body plus lower jaws, right opercular bones 
and pectoral girdle; TMM 30962-19, whole fish; TMM 30962-21, fragments: 
TMM 30962-22, part of vertebral column; TMM 30962-23, whole fish except 
for neurocranium. 

Description. —Hoplopteryx lewesiensis was described previously by Smith- 
Woodward (1902) and Patterson (1964, 1968). The present account is based 
upon North American specimens and primarily compares and contrasts 
them with European material. 





Figure 1.-Hoplopteryx lewesiensis TMM 30962-13 from the Roxton Limestone. Scale bar = 1 cm. 
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Although the number of intact, complete specimens is limited, a note- 
worthy feature of the group emerges from a graph of standard length versus 
greatest depth. The resulting points form a linear series with a constant 
slope (fig. 3), a pattern characteristic of growth in modern teleosts. Body 
measurements and fin ray counts of North American specimens are shown in 
table 1. All of these data demonstrate that the Texas specimens represent 
various growth stages of one species. 


For figures of the cranial elements of European H. lewesiensis see Pat- 
terson (1964, p. 306-320). See figure 4 for the caudal skeleton of the Texas 
specimens. For figures of the caudal skeleton of European H. lewesiensis 
see Patterson (1968, p. 70-71). 


Neurocranium.—The distinguishing features of the neurocranium in 
Hoplopteryx lewesiensis and the Texas specimens are the crests and depres- 
sions that form the mucous cavities and sensory canal paths on the cranial 
roof. The roofing bones are slightly ornamented along their crests and lateral 
edges with what Patterson (1964) calls short spines. Most of the neuro- 
cranial description is based upon TMM 30962-12 and TMM 30962-19, in 
which all but the posteroventral part of the neurocranium is preserved. 

The most anterior elements of the cranial roof are the nasals—large, 
triangular bones sutured to the frontals. The nasals are concave in dorsal 
view. Anteriorly each nasal forms a tube which encloses the anterior end of 
the supraorbital sensory canal. 


Behind the nasals are the paired frontals. At their anterior end is a trans- 
verse bridge of bone that overlays the path of the supraorbital sensory 
canals. The main crest on each frontal diverges as it passes posteriorly to 
this bony ridge, and forms the lateral wall of an expanded supratemporal 
fossa. Posterolaterally the frontals expand over the dorsal surface of the 
sphenotics. Medial to the sphenotics each frontal forms a tube which meets 
the anterior end of a ledge formed by the parietal. Both of these structures 
mark the path of the posterior segment of the supraorbital sensory canal. 

Between the parietals is a large supraoccipital whose crest rises from the 
floor of the supratemporal fossa. This crest extends forward to the posterior 
edge of the orbit and attains the same height as those crests which enclose 
the mucous cavities. 


Flanking the supraoccipital posteriorly are the epioccipitals. Each 
epioccipital has a posterolateral process hollowed out to form a socket for 
receipt of the dorsal limb of the posttemporal. The epioccipital forms 
most of the medial wall of the large posttemporal fossa, while the floor and 
lateral wall of that fossa are formed by the pterotic. Below the lateral 
wall of the posttemporal fossa the pterotic forms most of the hyomandi- 
bular facet. Immediately above this facet is an excavation in the dorso- 
lateral surface of the pterotic that becomes almost tubular at its anterior 
end. This is the dilatator fossa. The sphenotic forms the anterior portions 
of the hyomandibular facet and the dilatator fossa. 


INGL 


C 


'9u0]sourrT uo]xos 041 uio1j 6[-C960€ WWL $7$u21$2M2] x«&421dO]dO]J] 


I$ 


> 
, 


= IPQ 01 


C 


"Ulo 





1982 | The Beryciform Hoplopteryx EE. 








Table 1.—Measurements of the Texasspecimens of Hoplopteryx lewesiensis. All measure- 
ments are in cm: SL=standard length; GD=greatest depth; % = percent of standard length. 














Specimen SL GD Do Pre Pre Pre Pre 
Number cm cm SL Pectoral Pelvic Anal Dorsal 
% % % % 
30962-1 17 10 .59 40 — 12 E 
30962-2 14.3 8 .56 40 — 68 36 
30962-3 18.5 10.3 .56 39 — 70 38 
30962-12 21.3 11.8 Ee 39 33 70 34 
30962-13 left 10.5 5.5 ES — 38 66 36 
30962-13 right 8.7 4.2 48 34 — — - 
30962-19 21 1 2.8 61 39 — 69 40 
30962-23 13 7.8 60 — — — — 


Beneath the sphenotics and medial to them are a pair of small ptero- 
sphenoids. In front of these is the orbitosphenoid. It extends forward 
into the orbital region and there is a notch in it at the exit point of 
the olfactory tracts. 

Anterior to the orbit, the lateral ethmoids extend downward from the 
frontals and curve forward. Their ventral edges do not touch the para- 
sphenoid but rather meet the vomer anteriorly. 

Hyopalatine series. — The typical arrangement of hyopalatine bones occurs 
in A. lewesiensis and the Texas specimens with the hyomandibular vertical 
and with the pterygoids and palatine abbreviated. The medial edge of the 
endopterygoid does not contact the parasphenoid. The palatine exhibits 
a prominent maxillary process that extends dorsally from the anterior end of 
that bone. The quadrate is also nearly vertical, and the articular condyle is 
in line with the anterior edge of the hyomandibular. 

Opercular series. — The bones in this series, so far as they are known in 
the Texas specimens, agree very well with Patterson's (1964) description 
of H. lewesiensis. All of the opercular bones have irregular edges. 

The preoperculum has an oblique angle and does not broaden much about 
that angle. Along its anterior edge is a raised flange of bone that extends 
anterior to and over the preopercular sensory canal path. 

The operculum, suboperculum, and interoperculum are ornamented with 
radiating ridges. Very little bone is preserved in this series, but TMM 30962- 
19 shows a characteristic strong horizontal ridge on the operculum at the 
point of suspension. This ridge ends posteriorly in a spine in H. lewesiensis, 
and very likely did so in the Texas specimens as well. 

Infraorbital series.— These elements show a number of features which 
distinguish the Texas specimens as Hoplopteryx and H. lewesiensis in 
particular. There is a reduced antorbital plus a series of five deep infra- 
orbitals. The latter are thickened close to the orbital edge as a bony shelf 
that overlies the path of the infraorbital sensory canal. Away from this 
thickened edge the infraorbitals are flattened and smooth, with faint ridges 
along their distal edges. 
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Figure 3.—Greatest depth as a function of standard length in the Texas specimens of 
Hoplopteryx lewesiensis. 


The lacrimal (first infraorbital) is the largest bone in the series; it arti- 
culates anteromedially with the lateral ethmoid and palatine. A fragment 
of a small suborbital shelf extends medially from the dorsal edge of the 
third infraorbital. This shelf is preserved in TMM 30962-19. 

Dermal upper jaw. —All the elements of the dermal upper jaw are identical 
to those described and figured by Patterson (1964, p. 315-316, fig. 51) for 
H. lewesiensis. 

Mandible.—The mandible is short and deep. A characteristic feature 
which differentiates H. lewesiensis from some of the other species of Hoplo- 
pteryx is the extension of teeth onto the lateral face of the dentary at the 
lower jaw symphysis. This character is preserved in TMM 30962-2, 3, 12, 
13, and 19. Aside from this feature, very little can be determined from the 
Texas specimens because almost no bone is preserved in the mandibles. 

Vertebral column. —In H. lewesiensis there are 25 centra of which 11 are 
abdominal. TMM 30962-1 and 3 show a complete caudal count of 14 
centra, and TMM 30962-12 shows a complete abdominal count of 11. The 
centra themselves are almost as high as they are long, with numerous bony 
ridges joining the thickened anterior and posterior margins. 

Ihe neural arches (except the first centrum) are fused with the centra. 
The last five abdominal centra have parapophyses bent down and joined in 
the midline, forming an abdominal haemal arch. These arches and the 
rib articulations with them are most clearly shown on TMM 30962-2. This 
character is peculiar to trachichthyoids, zeoids, berycids and various percoids 
(terminology of Rosen, 1973).  Epipleural intermusculars are present. 
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Figure 4.—Caudal skeleton of Hop- 
lopteryx lewesiensis, TMM 30962- 
12. E-epural; NPU2=neural arch of 
second preural centrum; H-hypural; 
Ph=parhypural; PU=preural cen- 
trum; St=stegural; U-ural centrum; 
Un-uroneural. 


Median fins. —The number of dorsal fin spines ranges from 5 to 6 in H. 
lewesiensis (Patterson, 1964); the Texas specimens have 6. As in all H. 
lewesiensis specimens with 6 dorsal spines, the dorsal soft ray count is 10. 
In TMM 30962-12 there appear to be auxiliary radials preceding the dorsal 
fin as in some European specimens of H. lewesiensis. Ossified middle seg- 
ments exist on all the spine bearing radials except the first. 

There are 4 spines and 7 soft rays in the anal fin of H. lewesiensis and 
the Texas specimens. TMM 30962-19 shows the enlarged and hook-shaped 
first anal radial, a characteristic feature of H. lewesiensis. 

Paired fins and their supports.—Only fragments of the pectoral fin are 
preserved in the Texas specimens. The pelvic fin has one spine and 6 soft 
rays. 

Only fragments of the pectoral girdle are preserved but the impressions 
left by these bones in the matrix outline the entire dermal girdle. These 
impressions indicate that the pectoral elements are the same relative size 
and shape as those figured by Patterson (1964, fig. 53). TMM 30962-19 
shows the characteristic ventral postcleithrum, a long, slender curved rod 
of bone that extends downward to the ventral border of the trunk behind 
the pelvic girdle. 

The pelvic girdle is also like that figured by Patterson (1964, fig. 62) 
for H. lewesiensis. Two ridges of bone radiate from a central posterior 
point towards the anterior end. Posteriorly an enlarged process extends 
medially to meet its fellow in the ventral midline. There are two pairs 
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Figure 5.—Geographic distribution of Hoplopteryx lewesiensis. Lower line represents 
the equator. Black dots are approximate localities. Map adapted from Scotese, 1975, 
and Smith et al, 1973. 


of facets: a ventral pair which receive the pelvic spines and a dorsal pair 
for articulation of the soft rays. 

Caudal Skeleton.—The caudal skeleton of the berycoids is distinctive 
(Patterson, 1968) and varies little within the genus Hoplopteryx. The 
caudal structure of Hoplopteryx is also nearly identical to that of the recent 
trachichthyid Hoplostethus (Patterson, 1968). Figure 4 shows the caudal 
skeleton of TMM 30962-12. The features described below are common to 
H. lewesiensis and the Texas specimens. 

There is a prominent stegural plus a second uroneural. The second ural 
centrum is free and there are 6 hypurals. The uppermost hypural is smaller 
than the last of the three epurals. The first epural is elongate with an ex- 
panded proximal end that extends forward above the reduced neural arch 
of the second preural centrum. The haemal spine of PU 2 (and probably 
PU 3) is autogenous, but the neural arch of PU 2 is fused with the centrum. 

TMM 30962-1 shows that the foremost caudal fin rays meet the epurals 
above and the haemal spines of PU 2 and PU 3 below. TMM 30962-3 
shows two spines and one segmented ray in front of the lower principal 
rays. There are 9 dorsal and 8 ventral branched caudal rays. 


DISCUSSION 


Hoplopteryx lewesiensis occurs throughout the geologic range of the 
genus Hoplopteryx (Patterson, 1964) and is the only species of Hoplo- 
pteryx known to occur in North America and Asia, as well as Europe. Both 
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the geologic and geographic ranges of H. lewesiensis are impressive. It is 
found throughout the English Chalk (Cenomanian-Santonian) and also 
occurs in the Lower Turonian of Czechoslovakia (nominally as H. zippei 
and H. brevis), the Turonian and Senonian of France, and the Upper Cre- 
taceous near Voronezh, U.S.S.R. (as H. zippei). Patterson (1964) argued 
convincingly that the Czech and Russian material is H. lewesiensis. The 
Texas material adds North America to the geographic range of this species. 

The geologic interval during which H. lewesiensis lived was marked by 
advances and retreats of epeiric seas. There is little if any morphological 
change in the species throughout this time interval, presumably reflecting 
canalized homeostasis. 

The geographic distribution of H. lewesiensis indicates that this species, 
while widespread, was restricted to localities along a limited latitudinal 
belt within the “North Temperate Realm” of Kauffman (1973). No spec- 
imens of H. lewesiensis have been found within the more southerly Tethyan 
Realm (see Teller-Marshall and Bardack, 1978; Bardack and Teller-Marshall, 
1980, regarding the biogeographic affinities of the Gulf Coast). 

The continental positions during the middle of the Cenomanian-Santonian 
interval and the currently known localities yielding A. lewesiensis are shown 
in figure 5. During this interval the continental masses were close together 
across the latitudes of the H. lewesiensis localities, and had moved still 
closer at the beginning of the Cretaceous (Smith et. al., 1973; Scotese, 
1975). These land masses, periodically transgressed by Cretaceous seas, 
eventually formed a nearly continuous epeiric distributional route separated 
only slightly by the northern seaway. We have recently commented on the 
geographic and geologic stability of the Cretaceous genus Apsopelix, which 
was also apparently restricted to epeiric environments along the northern 
seaway (see Teller-Marshall and Bardack, 1978, pp. 29-30). 

Within the genus Hoplopteryx there are eight described species. Three 
of these species are from Tethyan localities in Lebanon, and two of the 
Lebanon species (/7. syriacus and H. lewesi) are distinctly different from 
the northern European species, particularly in the number of fin spines. 

Hoplopteryx spinulosus from Lebanon is very similar to H. simus and 
H. gephyrognathus from the English Chalk. These three species differ from 
each other and from H. lewesiensis primarily in the degree of knobby orna- 
ment on the head and body. There is no directional trend within the genus 
relative to this ornament (Patterson, 1964, p. 337). 

The seventh species, H. macracanthus, differs from H. lewesiensis only 
in spine length and body proportions. Patterson (1964) states that many 
incomplete specimens labeled H. lewesiensis may in fact be H. macracanthus. 
It is worth noting that Gaudant (1973) has suggested that two Cretaceous 
species of the trachichthyid Acrogaster, which differ only in minor char- 
acters and body proportions, may represent sexual dimorphism rather than 
distinct species. Perhaps this argument might apply also to specimens of 
H. macracanthus and H. lewesiensis. 
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Finally, there is a single specimen, A. antiquus, from the Turonian of 
Germany. It appears to differ from 77. lewesiensis in some characters of the 
maxilla and dentary, but Patterson (1964) cites many similarities between 
the English and German species. 

In summary, while there is some diversity within the genus Hoplopteryx 
from Lebanon localities within the Tethyan Realm, the more northern 
species of Hoplopteryx differ but slightly in morphology. The uniform 
morphological characteristics of Hoplopteryx throughout the Cenomanian- 
Santonian interval in northern seaway localities supports the belief that 
the epeiric sea environment was a homogeneous one. 


UPPER CRETACEOUS ACANTHOPTERYGIANS 


Fishes of the beryciform grade appear suddenly, in the geological sense, 
soon after the ctenothrissiforms disappear. Patterson (1964, 1968) argued 
convincingly for a close relationship between ctenothrissiforms and the 
beryciforms which replaced them in the Cenomanian. He believed (1967) 
that the beryciforms found in the Cenomanian were a group of recent 
origin, significant in their morphological diversity, and notable in that the 
character combinations in each family are mosaic in nature. 

During the Turonian and Senonian, the beryciforms remained relatively 
unchanged in the northern seaway. As Patterson (1964) pointed out 
id . it seems certain that there was no great radiation of the acanthoptery- 
gians during this long period . . . this does not bear out the commonly held 
view that the teleosts, and in particular the acanthopterygians, have been 
radiating rapidly throughout their history." Later finds (Patterson, 1967; 
Gaudant, 1969, 1978a, 1978b and 1978c) have increased the diversity of 
Cretaceous berycoids, but these are from Tethyan localities. 

Patterson's original argument (1964) was that the Cenomanian-Santonian 
interval showed little change. We would like to qualify that argument with 
the suggestion that this geologic interval showed little change in the epeiric 
areas of the northern seaway, but that Tethyan environments appear to 
have been more productive of diversity. 

Patterson (1964) says “The lithology of the fish bearing deposits in the 
Upper Cretaceous, particularly the widespread occurrence of chalk, ind- 
icates that the Upper Cretaceous Sea was a stable habitat, unlikely to have 
stimulated the evolution of new forms. But the appearance of perciforms 
in the Danian Chalk indicates that the evolution of perciforms from bery- 
ciforms took place within this stable habitat, and that perciform evolution 
was not initiated by environmental upheavals at the close of the Cretaceous." 

We agree that the evolution of perciforms was probably not precipitated 
by environmental upheavals at the close of the Cretaceous. We also agree 
that the Danian Chalk, like the Cenomanian-Santonian sediments. represents 
a stable habitat. It is not necessary to postulate that perciforms evolved 
in these epeiric habitats because they first appeared there. The Cretaceous 
localities of H. lewesiensis occur in a nearly continuous seaway that appears 
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to have been homogeneous enough to promote the wide-ranging distribution 
of species through time and space. 

In a stable habitat it is advantageous to a species to produce few variants 
of significant degree. A species adapted to its environment probably has a 
“closed” genetic system with respect to critical variables (Carson, 1975: 
Gould and Eldredge, 1977). The stimulus for diversification, or rearrange- 
ment of a closed genetic system, is most likely to occur in environments 
marginal to or beyond the one that holds the major segment of the species 
population (Eldredge and Gould, 1972). Accordingly, neither the Danian 
Chalk nor the earlier Cenomanian-Santonian epicontinental localities appear 
to be likely areas of perciform evolution. 

In summary, both the beryciform grade and the perciform grade are 
fully developed when members of these groups first appear in the fossil 
record. Considering the probable homogeneity of northern seaways, it is 
unlikely that the early evolution of these groups occurred at these localities. 
Where these groups developed is not known for certain, but it appears that 
the more southern Tethyan localities were more productive relative to 
acanthopterygian diversity. 


REFERENCES 


Bardack, D., and S. Teller-Marshall. 1980. Tselfatia, a Tethyan Cretaceous 
teleost; first records from North America and Yugoslavia. J. Paleontol., 
v. 54, no. 5, pp. 1075-1083. 

Carson, H.L. 1975. The genetics of speciation at the diploid level. Amer. 
Nat. 109:83-92. 

Echols, B.J. 1972. Biostratigraphy and reptile faunas of the Upper Austin 
and Taylor Groups (Upper Cretaceous) of Texas, with special reference 
to Hunt, Fannin, Lamar and Delta Counties, Texas. PhD. dissertation, 
Univ. of Oklahoma. 

Gaudant, M. 1969. Sur quelques nouveaux poissons Berycoides Crétacés 
du Mont Liban. Notice Préliminaire, Notes et Mémoires sur le Moyen- 
Orient, Tome X, Mus. Nat. d'Histor. Natur. Paris, pp. 273-283. 

— — 1973. Hypothése d'un dimorphism sexuel chez les poissons Béry- 
ciforms Crétacés du Mont Liban. Comptes rendus des séances de l'Aca- 
démie des Sciences, séance du 27. 

——— 1978a. Contribution à une révision des poissons crétacés du Jbel 
Tselfat (Rides prérifaines, Maroc). Notes Serv. Geol. Maroc. 39(272): 
79-124. 

— —— 1978b. Implications taxonomiques du caractère composite de l'hypo- 
digme du genre Lissoberyx Patterson (poisson téléostéen, Beryciforme): 
Création du genre Cryptoberyx. Geobios. No. 11(5):787-791. 

—— 1978c. Contribution à l'étude anatomique et systématique de l'ich- 
tyofaune cénomanienne du Portugal. Commun. Serv. Geol. Port. 63: 
105-149. 

Kauffman, E.G. 1973. Cretaceous bivalvia. /n A. Hallam (ed.) Atlas of 
Paleobiogeography, pp. 353-384. Amsterdam: Elsevier Co. 

Patterson, C. 1964. A review of Mesozoic acanthopterygian fishes, with 
special reference to those of the English Chalk. Phil. Trans. Roy. Soc. 
London, ser. B., 247, pp. 213-482. 

———— 1967. New Cretaceous berycoid fishes from the Lebanon. Bull. 
British Mus. (Nat. Histor.). Geology, 14(3):69-102. 

— —— 1968. The caudal skeleton in Mesozoic acanthopterygian fishes. 
Bull. British Mus. (Nat. Histor.). Geology, 17(2):49-102. 

Rosen, D.E. 1973. Interrelationships of higher euteleostean fishes. Zn 
Interrelationships of Fishes, P.H. Greenwood, R.S. Miles, and C. Patter- 
son (eds.). Academic Press, Inc., New York, pp. 397-513. 

Scotese, C.R. 1975. Computer drawn continental drift reconstructions. 
Dept. of Geol. Sci., Univ. of Illinois at Chicago Circle. 

Smith, A.G., J.C. Briden and G.E. Drewry 1973. Phanerozoic world maps. 
In Organisms and Continents through Time. N.F. Hughes (ed.). Spec. 
Pap. in Palaeontology 12.  Palaeontological Soc. London, pp. 1-43. 

Woodward, A. Smith. 1902. The fossil fishes of the English Chalk, Part 
1. pp. 1-56. 

Zehren, S.J. 1975. The comparative osteology and phylogeny of the Beryci- 
forms. PhD. dissertation. Univ. of Chicago, 443 pp. 


THE PEARCE-SELLARDS SERIES 


The Pearce-Sellards Series are occasional papers published by Texas Memorial Museum, 


The University of Texas at Austin, 2400 Trinity, Austin, Texas 78705. Other serial publi- 
cations include the Bulletin, Museum Notes, and Miscellaneous Papers. À complete list 
may be requested from the above address. 


tm 


~ 


. Fossil Bears from Texas, by Bjôrn Kurtén, 1963; 15 pages, 6 figures 


. Post-Pleistocene Raccoons from Central Texas and Their Zoogeo- 


graphic Significance, by T.N. Wright and E.L. Lundelius, Jr., 1963; 
RR CRC rs era ess ris a eau $0.75 


. A New Fossil Tortoise from the Texas Miocene, by W. Auffenberg, 


RUES 222 ow Sew eee es em dame aus ch dois en à $0.75 


. The Osteology and Relationships of the Pliocene Ground Squirrel, 


Citellus dotti Hibbard, from the Ogallala Formation of Beaver Coun- 
ty, Oklahoma, by M.S. Stevens, 1966; 24 pages, 6 figures ........ $1.00 


. The Status of Bootherium brazosis, by C.E. Ray, 1966: 7 pages, 


IAE 가산 해 $0.75 


. Geologic Reconnaissance of the Fort Davis National Historic Site, 


Texas, by A.G. Everett, 1967; 19 pages, 12 figures. ............. $0.75 


. Mammalian Remains from Rattlesnake Cave, Kinney County, Texas, 


ALA Senken, 1967; 10 pages, 1 figuré ........... sells. $0.75 


. Development of Terminal Buds in Pinyon Pine and Douglas Fir Trees, 


by C.L. Douglas and J.A. Erdman, 1967; 19 pages, 5 figures ...... $0.75 


. Toxotherium (Mammalia: Rhinocerotoidea) from Western Jeff Davis 


County, Texas, by J.M. Harris, 1967; 7 pages, 1 figure........... $0.75 


. New Brazilian Forms of Hyla, by B. Lutz, 1968; 18 pages, 8 figures 


. Taxonomy of the Neotropical Hylidae, by B. Lutz, 1968; 25 pages, 


A A IT $1.00 


. Geographic Variation in Brazilian Species of Hyla, by B. Lutz, 


CA à OR On FUE gage Dane $0.75 


. Remarks on the Geographical Distribution and Phyletic Trends of 


South American Toads, by J.M. Cei, 1968: 20 pages, 6 figures. .... $0.75 


. A New Genus of Eomyid Rodent from the Oligocene Ash Spring 


Local Fauna of Trans-Pecos Texas, by J.M. Harris and A. E. Wood, 
E SES nement ee Ree bd SNS RA ES $0.75 


. New Early Miocene Formation and Vertebrate Local Fauna, Big 


Bend National Park, Brewster County, Texas, by M.S. Stevens, 
J.S. Stevens, and M.R. Dawson, 1969; 52 pages, 15 figures ....... $1.50 


. New Fossil Rodents from the Early Oligocene Rancho Gaitan 


Local Fauna. Northeastern Chihuahua, Mexico, by A. Wood and 
I. Ferrusquia-Villafranca, 1969; 13 pages, 3 figures. ............. $0.75 


. Early Tertiary Vertebrate Faunas, Vieja Group, Trans-Pecos Texas: 


Entelodontidae, by J. A. Wilson, 1971; 17 pages, 6 figures ........ $0.75 


21. 


22. 


23. 


. Early Tertiary Vertebrate Faunas, Vieja Group, Trans-Pecos Texas: 


Equidae, by A.-M. Forsten and P.O. McGrew, 1971; 16 pages, 
2'HIBUTÉS or A 2 가 ue $0.75 


. The Genus Dinofelis (Carnivora, Mammalia) in the Blancan of North 


America, by Bjorn Kurtén, 1973;7 pages, 1 figure.............. $0.75 


. Eocene Rodents, Pruett Formation, Southwest Texas: Their Per- 


tinence to the Origin of the South American Caviomorphs, by A.E. 
Wood, 1973; 40 pages, 8 figures ....... esee encarar. izo 
Miocene Vertebrates from Aguascalientes, Mexico,by W.W. Dalquest 
and O, Mooser, 1974: 10 pages 5. fipures 4, lO 시이 이 $0.75 
The Fossil Horses of the Texas Gulf Coastal Plain: A Revision. 
by A. Forsten, 1975; 86 pages, 7 figures. aam so. 은이 Hone $2.50 
Early Tertiary Vertebrate Faunas, Vieja Group, Trans-Pecos Texas: 
Insectivora, by M.J. Novacek, 1976; 18 pages, 6 figures.......... $1.00 


. A New Species of Bufo (Anura: Bufonidae) from Africa’s Dry Sa- 


vannas, by M. Tandy, J. Tandy, R. Keith, and A. Duff-McKay, 1976: 
20 pages, 4 Figures; a OS, A 02 $1.00 


. Early Tertiary Vertebrate Faunas Big Bend Area Trans-Pecos Texas: 


Brontotheriidae, by J. A. Wilson, 1977; 17 pages, 5 figures........ $1.00 


. Ethnic Identities of Extinct Coahuiltecan Populations: Case of the 


Juanca Indians, by T.N. Campbell, 1977; 16 pages.............. $1.00 


. A New Systematic Arrangement for Philodryas serra (Schlegel) and 


Philodryas pseudoserra Amaral (Serpentes: Colubridae), by R.A. 
Thomas and J. R. Dixon, 1977; 20 pages, 8 figures.............. $1.00 


28. Further Study of Castolon Local Fauna (Early Miocene) Big Bend 


29. 


30. 


eL 


34. 


National Park, Texas, by M.S. Stevens, 1977; 69 pages, 18 figures . .$2.50 
Butterflies from the Middle Eocene: The Earliest Occurrence of 
Fossil Papilionoidea (Lepidoptera), by C.J. Durden and H. Rose, 
1975525 pages, 7 figures. $5; 2 PP RER EN RE NI $1.25 
A Dasyleptid from the Permian of Kansas, Lepidodasypus sharovi 
n. gen., n. sp. (Insecta: Thysanura: Monura), by C.J. Durden, 1978: 
pages, 3 figures. LL A rd ese cese 6 TERR $0.75 
Early Tertiary Vertebrate Faunas, Big Bend Area Trans-Pecos Texas: 
Simidectes (Mammalia, Insectivora), by E.P. Gustafson. 1979: 10 
Pages, S TIGUEOS a ta 080 $0.75 


. Late Hemphillian Mammals of the Ocote Local Fauna. Guanajuato, 


Mexico, by W.W. Dalquest and O. Mooser, 1980: 25 pages, 5 figures 


. Early Tertiary Vertebrate Faunas, Trans-Pecos Texas: Amynodonti- 


dae, by J. A. Wilson and J. A. Schiebout, 1981; 62 pages, 25 figures 
그 식기 ob de be Cabo 이구 de à rer SEP Ee ES DI $2.00 
First Cretaceous Specimens of the Beryciform Fish Hoplopteryx 
from North America and Their Bearing on Acanthopterygian 
Evolution, by David Bardack and Susan Teller-Marshall. 1982: 14 
pages, 5 figures... 5. dalles eie not ONERE 


